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lectric Railway Traction 


Electrification and Traffic Density 


TE intensity of traffic is of prime importance in both 
suburban and interurban electrifications, and above 
about 2,500,000 trailing ton-miles per track mile electric 
traction is usually considered to have some commercial 
advantage over rival forms. Although the actual critical 
traffic figure varies with each different section of line, 
there are many divisions carrying traffic sufficient to 
render discussion almost redundant, and in many cases 
the extra net revenue accruing from electrifying a main 
line will outweigh the gains to be obtained from the con 
version of a heavily-graded section carrying less traffic. 
This was realised in France during the decade after the 
war, and was the reason why the Paris Orleans Railway 
eventually pushed ahead with the conversion of the main 
line from Orleans to Tours in preference to the St. Sulpice- 
Gannat-Clermont Ferrand cross-country route which had 
heavy grades and was close to the hydro-electric stations 
of the Dordogne, but which had not a particularly heavy 
trafic. A glance at the figures of various Continental rail- 
ways shows that the same principle has been followed, 
although the conversion of heavily-graded lines has fre 
quently been undertaken first, to save the multiplication 
of tracks. On the Swiss Federal Railways the 65 per cent. 
of the total mileage which is electrified carries over 85 pet 
cent. of the traffic; on the Italian State Railways 26 per 
cent. of the total traffic is hauled electrically over 12 per 
cent. of the total mileage; and on the Paris Orleans Rail 
way about 18 per cent. of the traffic is handled over an 
electrified mileage amounting to 5 per cent. of the total. 


The Future of Electrification 


JD ESPITE such extraordinary statements as that made 

at New York recently by Sir Henri Deterding, who 
said that the world would see no more big railway 
electrification schemes, new electric lines are being 
opened constantly and plans drawn up for extensions or 
entirely new conversions. Although a number of schemes 
now in progress or in contemplation are being pushed 
forward partly as a means of relieving unemployment, 
there can be little doubt that if the labour situation was 
Non-existent and economists and financiers had solved the 
problem of enabling people to consume all that is avail- 
able, the number of steam lines electrified would be much 
greater than it is. Even in such times as the present there 
is ample indication that the value of electrification is 
Tecognised with sufficient force to nullify the effects of 
depressed trade conditions. The Southern Railway is a 
Case in point. The Eastbourne and Hastings conversion 
8 in itself a comprehensive scheme, but considered in 
elation to the history of the Southern Railway and its 
Constituents since the end of the war, it may be considered 
a just one further step towards the electrification of all 
the lines within triangle bounded by London, Ramsgate 
and Portsmouth. Let no one say that such a possibility 
Stemote. As is shown in the article on Southern electri- 
fication histor published elsewhere in this issue, the 
Conversion of tlie whole South Eastern & Chatham system 
Was considered) some fourteen years ago, and before the 
War the Brigh line got out estimates for the electrifica- 


tion of certain lines which even now are still worked by 
steam trains. But the benefits of electrification are not 
confined to suburban and short distance interurban traffic. 
Main lines with reasonably dense traffic and/or special 
difficulties in the way of heavy grades or numerous tunneis 
form a rapidly growing field for conversion work, and the 
main line schemes now being carried out in France, Italy, 
Brazil and elsewhere are typical instances of the present 
trend of thought, which believes that electric traction will 
not only reduce operating costs by a considerable amount, 
but will also bring increased profits by virtue of the 
extra traffic which nearly always follows a conversion. 


Converting Conversions 


N the history of railway electrification are several in- 
stances of electric lines being changed over from one 
form of energy to another. So far are aware, in 
no case has inefficiency been the sole cause of the altera- 
tion. It is true that on the Burgdorf-Thun Railway the 
low voltage three-phase system militated against the effi 
cient operation of the increased traffic, but if this line had 
been surrounded only by steam-worked railways, it is 
probable that a remedy would have been found by simply 
increasing the voltage. It must be remembered that this 
was the first European railway of any size to be operated 
electrically, and, as such, was something of a relic of 
pioneer days. The deciding factor in changing this line 
over to high-tension single-phase was the desirability of 
extending the electric working, but as in the meantime the 
Swiss Federal Railways network had grown up round it, 
and actually joined and intersected the proposed exten- 
sions, no other system was practicable. Nearer home is 
the well-known example of the single-phase lines of the 
old L.B. & S.C.R. which were converted to the standard 
Southern system of 600 volts d.c. in 1925 (South London 
and Crystal Palace lines) and 1929 (Coulsdon and Sutton 
lines), although the two last-named services were provided 
with electric trains only four years before their conversion. 
Non-standardisation, rather than inefficiency, was the 
charge levelled against the Brighton company’s lines, but 
it will always be a matter for regret that more co-opera- 
tion was not forthcoming between the Brighton and South 
Western companies in the early days of electrification, and 
it is interesting to speculate as to the effect a large single- 
phase system in the south of England would have had on 
the deliberations of Sir John Pringle’s Railway Electrifica- 
tion Committee of 1927, to say nothing of the cost of 
conversion figures given in the Weir Report. Various 
other lines of the period 1900-1909 have been converted to 
other systems when extensions with heavy traffic were 
contemplated, or where a large mileage of lines fed by a 
different type of current had since been electrified. Such 
examples include the 10,000-volt single-phase line from 
Rotterdam to The Hague and Scheveningen, which was 
converted to 1,500 volts d.c. to correspond with the 
Amsterdam-Rotterdam line, and the three-phase railway 
through the Cascade tunnel on the Great Northern Rail- 
road, U.S.A., which was abandoned after 18 years of ser- 
vice, when a new tunnel was bored and high-tension single- 
phase current adopted for a section of line 72 miles long. 
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ELECTRIFICATION 
HISTORY OF THE 
SOUTHERN RAILWAY 


The recent electrification of the 

Brighton lines is only one of 

several ambitious schemes of 

early days, some of which did 
not materialise 


HE electrification of the L.C.C. tram- 

ways, with the consequent transfer of 

traffic from railway to road, seems to 
have been the spark that fired the authorities 
of the London. Brighton & South Coast 
Railway to consider seriously the question 
of electrifying their railway, and in 1903, 
having obtained Parliamentary powers, they 
instructed their Consulting Engineer, Sir 
Philip (then Mr.) Dawson, to report on the 
whole question. As a result of this report Mr. Dawson was 
further instructed to prepare specifications and call for 
tenders, which were issued in 1905; and in 1906 the con- 
tract was let for the electrification of the South London 
line of the L.B. & S.C.R. The South London line con- 
nects Victoria and London Bridge (8? miles) via Denmark 
Hill. 

The system adopted was single-phase alternating cur- 
rent at a tension of 6,700 volts, and a frequency of 
25 cycles per second. The high-tension system was 
adopted with this first suburban electrification because of 
the intention of the Brighton company eventually to 
electrify the main line to the coast, and for so long a 
distance high-tension current would be more economical 
than direct current, since it would not require so many 
substations. The current was obtained from the Deptford 
power station of the London Electric Supply Corporation 
and was transmitted by duplicate mains to a switch cabin 
at Queen’s Road, where there were meters to register 
the consumption of current. From there, duplicate feedet 


cables were taken to Denmark Hill switch cabin, the prin- 
cipal one on the line. 
Current was collected from }-in. dia. copper overhead 





Old single-phase train of the L.B. & S.C.R. 


eT | 
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OVS TIT | Fae 


Down Brighton Belle near the south end of Patcham Tunnel 


conductor wires supported about every 10 ft. trom double 
steel catenaries by means of droppers, the catenaries 
themselves being supported on structures 50 yd. apart. 
Overhead collector bows, or pantographs, pneumatically 
raised and lowered, and held lightly against the conductor 
wire by means of springs, collected the current. The 
contact strips of these collectors were of aluminium with 
grooves filled with grease, so that the wear on the copper 
contact wires was kept as small as possible, and the 
aluminium strip on the bow could be easily renewed. To 
avoid the possibility of localised wear on the collecting 
strips, the contact wire was staggered and the relative 
movement between strip and wire was a combination of 
forward and lateral. Actually the wear on the contact 
wire turned out to be extremely low. 

It was not found necessary to make any special arrange- 
ments for keeping the contact wire tight. The height of 
the contact wire was normally 16 ft. above rail level, but 
at Victoria it was 20 ft., so that men could safely go 
on top of the carriages. At low bridges, where the track 
had to be lowered, the minimum height was 13 ft. 9 in. 
This lowering of the track under certain bridges gave rise 


to endless trouble with water-logged formations, owing 
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to the old drainage arrangements not having been modified 
to take the water off the permanent way. It would, of 
course, have involved some extra expense to do so, but 
+ would have been justified by reduced track maintenance 
charges. 

The current from the bow was taken into a high-tension 
chamber on the motor coach, and thence to two trans- 
formers underneath the frame. Low-pressure current 
from the transformers fed the four 115 h.p. single-phase 
motors. The negative return current was taken through 
the running rails. 

The contractors for the whole work, with the exception 


i, 





_. 





—~4 


Above: 800-h.p. single-phase * milk- 

van” electric locomotive as originally 

built by the General Electric Company 

and the Metropolitan Carriage Wagon & 
Finance Co. Ltd. 


Right: The last form of the above loco- 

motives —conrerted to goods brake 

vans after the removal of the electrical 
equipment 


of the coaches themselves, were the A.E.G. of Berlin. 
This firm was entrusted with the contract because of the 


Very favourable terms and_ satisfactory guarantees as 
— efficiency and operation which it gave. The 
srighton Company, however, stipulated that as much as 


possible of the material should be of British manufacture, 

with the result that, except for the electrical equipment 

of the trains, the whole of the work was carried out in 

this country with British material. 

om trips were begun between Battersea Park and East 

ch . R vary, 1909, and the trial length was 
1am Rye in February. On December 1, 


wae od tect service was opened to the public. The 
These, ps anv: car sheds were situated at Peckham Rye. 
sikh — in telephonic communication with the 

abins signalboxes, so that the shop staff could 


% kept in touc!: with the working of the trains. 


The cane... original Rolling -Stock 
_ the rolling K, especially built for the service, con- 
sisted of eight 


is, each made up of three coaches. The 


sag Fak i, ee ae 
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two end coaches were third class motor coaches, each 
weighing 54 tons, and the middle one a first class trailei 
of 32 tons. The former, each of eight compartments, 
normally accommodated 66 passengers, and the first class 
coach of nine compartments seated 56. Side corridors were 
provided, without partitions between them and the com- 
partments. A spring swing door opening both ways 
divided the smoking from the non-smoking section of each 
coach. There was no vestibule between the coaches. The 
overall length of each coach was 60 ft., and they were 
9 ft. wide over the bodies, which were mounted on under- 
frames of the girder type. Westinghouse brakes were 







RAILWAY 





fitted. The trains were painted in the then standard 
colours of the L.B. & S.C.R., namely, cream upper panels 
with umber below the waistline. 

The distance between Victoria and London Bridge, 
which had formerly required 36 min. by steam train, was 
covered in 24 min. by electric traction. The formation of 
the trains was changed later to four cars at rush hours and 
two at slack times. 

Increased Traffic 

Although the traffic went up enormously after electri- 
fication (97 per cent. in the first year and 130 per cent. in 
the second year), it was soon found that there was too 
much first class accommodation, and the first class coaches 
were taken off and put into the formation of certain ot 
the London-Brighton steam trains during the rush hours 
when many first class season ticket holders travel. On this 
service, where they were popularly known as the “* Iron- 
clads’’ because of their girder frames, they were very 
popular with the operating staff because of their high ratio 
of paying load. These vehicles were subsequently 








































































End view of suburban motor coach 


converted to d.c. electrics and now run on the Wimbledon- 
West Croydon shuttle service. First class accommodation 
on the South London trains was subsequently provided by 
two compartments per two-car train. 

Electrification on the a.c. system was extended to the 
Crystal Palace, from Victoria via Balham, and from 
London Bridge via Tulse Hill, in 1911 and 1912 respec 
tively, thus bringing the track mileage electrified up to 
62 miles. The rolling-stock for the new extension con- 
sisted of 30 motor coaches, each equipped with four 
150-h.p. motors and weighing 55 tons, and 90 trailer cars. 
In the slack hours the trains consisted of a motor and two 
trailers (102 tons) and in the busy hours two such units 
were coupled to form a six-car train. The rolling-stock 
used for these services was different 
from that built for the South London, 
in that it was of ordinary non-corridor 
compartment stock, 8 ft. wide. 

The electric supply for this service 
also was obtained from Deptford, and 
series booster transformers were 
situated at various points along the 
line. Besides this a distributing cable 
was run the whole length of the elec- 
trified line, the inner being in parallel 
with the overhead contactor wire, and 
connected to it at each switch cabin, 
while the outer wire was bonded to the 
rails for the return circuit. 

Traffic on the Crystal Palace line 
also went up under electric traction, 
and both the energy consumption and 
maintenance charges were low. The 
consumption of current was said to 
average abcut 75 watt-hours per ton- 
mile, and for the first two years 
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maintenance charges on the overhead equipment worked 
out at only £21 per track mile. 

It was therefore decided early in 1913 to extend electrif 
cation immediately to Coulsdon and Sutton, and as soon 
after as possible to Eastbourne, Newhaven, Brighton and 
Worthing. Owing to the war, however, and the subse. 


quent uncertainty about the future of the railways, the 


sections to Coulsdon and Sutton were not opened until 


April 1, 1925. They added 82 track miles, bringing the 


total track mileage electrified up to 152, and since th 
main line scheme had meantime been dropped, they com. 


posed the swan song of single-phase electrification ‘in this 


country. The overhead equipment for this extension had 
been completed some time before electric working began 
‘ se , 


the latter being delayed by lack of available power and 


rolling-stock. For the new sections power was taken by 


the company at New Cross Gate from the London Electric 
Supply Corporation, and cables were run from there to 


Gloucester Road Junction switch cabin, near Croydon, at 
64,000 volts, where it was stepped down to 6,600 volts. 
Additional cables were laid to Battersea Park to deal with 
the additional loads between Battersea Park and Balham. 

In this last single-phase electrification the motors wer 
mounted in separate eight-wheeled vehicles, popular 
referred to as ‘‘ milk vans,’’ to which trailer cars with 
driver’s control compartments at the ends were coupled 
fore and aft. The motors, two on cach bogie, were of 
200 h.p. and designed for a standard speed not exceeding 
35 m.p.h., although higher speeds could be run for short 
periods when necessary. The trailer cars were of compart- 
ment stock similar to those on the Crystal Palace line. 

South-Western Conversion 

The L.S.W.R. adopted direct current for its electrifica- 
tion, the first stage of which was opened to traffic on 
October 25, 1915. This section covered the line from 
Waterloo to Wimbledon via East Putney, and the King- 
ston round-about via Wimbledon and Richmond followed 
in 1916. A third rail was laid carrying 600 volts d.c. and 
the return circuit was through the running rails. Power 
was supplied by a new power station at Durnsford Road, 
Wimbledon, erected by the company adjacent to the 
river Wandle, from which cooling water was drawn. 
Extensions of the South-Western system followed in, 1916 
to Shepperton, Hampton Court and Claygate, in 1925 to 
Guildford and Dorking, and in 1930 to Windsor. 

The year 1926 was memorable, for then was opened 
the first section of the South Eastern electrification, under 
the auspices of the Southern Railway. — Originally the 





Three-car electric suburban train 
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Map »/ Southern Railway electrified lines. 


(Electric operation to St. Mary Cray began on May 1) 
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direct current at 1,500 volts on 


scheme had been to use 
the third-rail principle, and electrification was to 
been carried out in two sections, the first, Section A, 
prising the purely suburban lines, now electrified, 


have 
com- 
and 


under the second, Section B, Gillingham, Tonbridge, 
Tattenham Corner, Caterham, Westerham, Redhill and 
Dorking would have had electrified services by all the 
principal routes, including Gravesend, Swanley, and 
Oxted. The scheme, decided in 1921, was to run the 


suburban trains on the multiple-unit system and the main- 
line trains, including goods, by electric locomotives. — It 
was estimated that there would be a 30 per cent. average 
increase in speed and frequency of services to suburban 
stations within Section whilst to stations in Section B 


the average increases would have been 40 and 60 per 
cent. In due course the whole line was to have been 
electrified on the same system, including the Channel 


if constructed. 

In view of the fact that the Bnghton Company had, 
before the war, got out a comprehensive scheme for elec 
trifying on the single-phase system down to the coast and 
to Oxted, residents served by the lines between London 
Bridge and Redhill and Oxted would have had the unique 
distinction of two separate systems of electric trains at 
their disposal, one with high-tension alternating current 
above and the other with high-tension direct current below. 

From 1926 onwards extensions of the third-rail direct 
current electrification on the Eastern and Central (formerly 


Tunnel, 


i ih aig Tl \, rm 


el mt 


September 21, 


Star Lane—a typical substation on the London-Brighton Line 
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The 5.0 


p-m. down City 
Limited near Patcham. on 
the Southern Railway. This 
x 
12-car electric train runs 
between London Bridge and 
Brighton 
S.E. & C.R. and L.B. & S.C.R. respectively) Sections of 
the Southern Railway have been progressive. 


The only outstanding feature of the suburban electrifica- 
tion was the conversion of the alternating current sections 
of the former L.B. & S.C.R. to direct current which was 
adopted as the standard for the Southern Railway. — The 
South London and Crystal Palace services were converted 
in 1925, and the Coulsdon and Sutton services in 1999, 
Most of the a.c. rolling-stock was adapted for working 
as d.c., the standard suburban tormations of which ar 
three-coach units (two motor and one trailer coaches) for 
the slack hours and two of these with two extra trailers 
between for the rush hours. On the Caterham and Tad 
worth services, which divide at Purley, the extra trailers 
are omitted and between London and Purley the trains 
run as two-unit six-coach and three-unit nine-coach trains 

A notable decision was taken in 1930, when electrifica 
tion to Brighton and West Worthing was begun. Th 
first stage, to Redhill, Reigate, and Three Bridges, was 
opened on July 17, 1932, the remainder on January | 
1933. Both of these electrifications were fully described 
and illustrated in Special Supplements to THe Ratwa\ 
GAZETTE as recently as July 22, and December 31, 1982. 
At the present moment the main line electrification is being 
extended to Lewes, Seaford, Eastbourne and Hastings (to 


be completed in July, 1935), and the suburban electrifica 
tion to Sevenoaks by both Swanley and Knockholt (to 
be opened in January, 1935). 
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Above: 1.500-volt d.c. overhead 


construction at Dordrecht new 


station on the Vetherlands 


Railways 


Right: 3.000-volt d.c. overhead 
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PERFORMANCE OF 
HUNGARIAN ELECTRIC 
LOCOMOTIVES 


Units with British-built electrical 
equipment give satisfactory service 


7 is now two years since partial electric operation com- 
inenced on the 65-mile Budapest-Komarom section of 

the Hungarian State Railways. This electrification 
aroused a good deal of interest in view of the special 
technical features resulting from the adoption of high- 
tension single-phase current at the industrial frequency of 
50 cycles, and by the fact that the Metropolitan-Vickers 
Electrical Co. Ltd. supplied much of the equipment. The 
main features were described in THE RaAILway GAZETTI 
for July 7, 1933. The main contractor was Ganz & Co., 
of Budapest, to whom we are indebted for the following 
notes. 

Although only two passenger and two goods locomotives 
were available during the first stages of operation, it was 
nevertheless found possible to work quite a substantial 
part of the traffic electrically. The mileages attained by 
the first four locomotives until June 30, 1934, were as 
given in the table below : — 


Number of 
Number of 


Number Date locomotive- . 

7. ; locomotive- 

of rype placed in km. up to 
, : km. during 
locomotive service June 30, 1933 
1934 i 

V. 40.001 ..| 1-D-1 Sept. 12, 1932 229,262 116,780 
V. 40.002 .. Si Sept. 12, 1932 265,658 147,081 
V. 60.001 .. Iv Nov. 7, 1932 102,362 74,150 
V. 60.002 .. ms Feb. 2, 1933 62,600 18,303 
Total oa 659,882 356,314 


The low mileage of locomotive V.60.002 is due to the 


fact that it was not set to work until February, 1933, and 
that owing to a coil short-circuit it suffered serious damage 
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of the motor stator, in consequence whereco! it was out of 
service up to the middle of November, 1933. In other 
respects the mileages obtained are noteworthy, especially 
in view of the short length of line. Further, no jepair 
shops or sheds for electric locomotives are yet available, 
and no spare parts were kept in stock, so that the loco- 
motives had to remain out of service owing to small repairs 
for a much longer time than would otherwise have been 
necessary. Moreover, when considering the mileages, an 
interruption of service of about two months should be 
taken into account, this time having been necessary jn 
order to enable load tests to be effected on the test floor 
with the phase-converter and the traction motor, towards 
the end of the year 1932. The mileages given are also 
remarkable because at the beginning of electric traction 
the service personnel was not familiar with this type of 
traction. In view of the mileages obtained, it was possible 
to reduce the number of locomotives required, originally 
proposed at 36, to a total of 26, without lowering the 
required capacity to deal with the service. 

In the driving-gear of the locomotives some difficulties 
became noticeable at first in connection with lubrication 
and adjustment, but in course of time it was possible 
to eliminate these difficulties. Adjustment was effected in 
a steam workshop of the Hungarian State Railways, and 
notwithstanding the limited amount of means available, 
only took a few hours. At first the adjustment of the 
driving-gear became necessary already after 5,000 km. 
(3,100 miles), but this figure has since been gradually 
increased so that to-day it is possible to run 40,000 km. 
(25,000 miles) between adjustments; the work of adjust- 
ment itself only requires three or four hours. Small im- 
pertections of lubrication are eliminated in the new loco- 
motives now under construction by an ample supply of oil 
and by increasing the size of some of the pins. 

The running gear of both kinds of locomotives has given 
good results. Of the two passenger locomotives, one is 
fitted with Krauss-Helmholtz and the other with Bissel 
trucks. The last-named type of bogie caused a slightly 
greater amount of tyre wear and somewhat harder riding, 
and the new locomotives are therefore being constructed 
with Krauss-Helmholtz trucks. 

The phase converter has also given satisfactory perform- 
ance, which was expected after the experience gained with 
the old trial locomotive. Any fears as to the possibility 





1-D-1 electric passenger locomotive of 2,500 h.p., Hungarian State Railways 
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cooling giving rise to difficulties in winter 
have proved to be unfounded, and it was possible for 
ynits out of service to stand in the open even at the 
lowest winter temperatures. Accordingly, the attempts 
spec ial liquids of low freezing point were dis- 
continued as it became apparent that ordinary soft water 
would be the most satisfactory for the purpose. 

The traction motors have given excellent results from 

the mechanical as well as from the elec trical point of view, 
so that apart from insignificant improvements, as, for 
instance, extended use of up-to-date welding technique 
in the mechanical construction and_ the employment of 
more suitable material for the slip-ring insulation, the 
design has been maintained in the new series. 
The automatic control, which had already been tested 
and found satisfactory in the trial locomotive, has operated 
ina reliable manner. The principle of control has been 
adhered to in the new series of locomotives, but in order 
to avoid the drawbacks of a large number of ground-in 
air-valves and long pipe lines, the control gear has been 
suitably reconstructed, and the improved design—after 
going through tests on locomotive V.60.002—has_ been 
accepted as standard. It has also been considered neces- 
sary to alter the iron plates of the arc boxes of the pole- 
reversing switch contactors, to give stronger blowing. 

The following table shows the length of time each pas- 
senger locomotive was out of service during the first year 
of operation : 


of the water 


to employ 


Locomotive number mae Bae V. 40.001 V. 40.002 
Repairs on the phase converter. . .. §Sdays 9 days 
Repairs on the traction motor .. .. 83 
Repairs on other electrical parts 


1 
-2 


Total due to electrical equipment. . 134 days 114 days 
Total due to mechanical equipment a: ee ue 58 


Total .. _ sie = 1153 =e 694 gs 


The repairs to the phase-converter covered only the 
cleaning of the cooling water tubes of the rotor, which 
became necessary because tests were made with a cooling 
liquid of low freezing point, which caused deposits to 
be formed in the cooling channels. After thoroughly 
tinsing the channels, only pure soft well water was em- 
ployed for cooling and this has given favourable results 
and does not necessitate any special cleaning of the cooling 
channels. In the case of the traction motors the stop- 
page of the locomotives had to be effected by reason of 
lractures occurring on the insulating rings of the slip 
tings. These insulating rings have now been replaced on 
all motors by rings of a more suitable material. 

The repair work on the mechanical part comprised 
mainly the re-turning of the tyres, the adjustment of the 
driving gear, and the lining of a few bearing brasses with 
White-metal. The time out of service would have been 
much shorter if supplementary pairs of wheels and other 
Spare parts, as well as a suitable workshop, had been 
available. It should here be taken into account. that 
Vanous tests had to be effected in connection with the 
design and adjustment of the driving gear, which required 
a great deal more time in the case of the first locomotive 
than in that of subsequent locomotives, where it was pos- 
sible to utilise the existing experience, a fact which is 
reflected by the mileage of locomotive V.40.002. During 
the frst half oi 1934, locomotive V.40.001 was out of 
“vice for 28 days and locomotive V.40.002 for 26 days, 
due to repairs to the mechanical portions. 

The Budape t-Hegyeshalom line is fed by the Banhida 
<a ages and after the electrification has been com- 
pal single-phase substation will be connected to 
al uaree phases of the high-tension transmission line. At 
Present only tl 3udapest-Komarom section of the line 
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2,500 h.p. traction motor with stator in background 


is operating, and is being fed by two substations. The 
high-tension transmission line is not yet loaded uniformly, 
but no disturbances have resulted from this fact, although 
the same transmission line is used for supplying current 
for industry, lighting and tramway purposes in the towns 
of Budapest and Gyér. The reason is that owing to the 
particular nature of the Kande phase-converter system the 
power factor at the current collector is always automatic- 
ally unity or slightly leading, and in addition the loco- 
motives themselves exert a regulating influence on the 
voltage, capacitive current being sent into the line in case 
of voltage drops. This is further supported by an in- 
teresting fact of practical experience. It appears that the 
contact wire voltage increases with the number of loco- 
motives running on the line—a result of the particular 
nature of the Kando phase-converter system. 

The reaction exerted by the uneven loading of the 
phases has been investigated by means of three recording 
voltmeters connected in the Banhida power station to each 
of three phases, so that the voltage of all three phases 
was measured simultaneously. From these three voltage 
diagrams it has been possible to ascertain that, notwith- 
standing the fact that the railway load is connected to 
two phases only, the difference between the voltages of 
the three phases does not exceed one per cent., even at 
peak loads. 

The overhead line equipment has also proved satisfac- 
tory. In January, 1933, fog and hoar frost caused some 
insulator failures on parts of the line where the insulators 
were soiled to a particularly high degree by the smoke 
of the steam locomotives. This inconvenience has been 
remedied by replacing the screen insulators originally used 
at the cross suspensions by groove bar insulators, as em- 
ployed by the German State Railway, and it is hoped that 
this alteration will enable disturbances to be avoided in 
the winter months, in spite of the mixed steam and electric 
service still maintained in places. 
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CAUCASIAN ELECTRIC SUBURBAN 
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RAILWAY 


First conversion in the U.S.S.R. results in greatly increased traffic 


LTHOUGH some 300 route miles of the Soviet rail- 
ways are now electrified, it was not until 1926 that 
the first electrified section was brought into opera- 
tion. This was the suburban line running from Baku to 
Surahani via Sabunchi, a distance of approximately 123 
miles, over which the traffic had come to exceed the 


capacity of steam traction, due to the increasing activity 
of the oil fields and the rising population of Baku. 

The principal oil fields are situated 10 to 15 miles away 
from Baku, and are served by the Baku-Surahani rail- 
way and a network of narrow-gauge lines laid down by 
the Asheft—the Soviet organisation controlling the oil 





fields. The steam railway to Sabunchi and Surahani was 
built about 45 vears ago, and the trains were scheduled 
te cover the 8-1 miles from Baku to Sabunchi in 50 min. 
including numerous stops. No fewer than 70 min. were 
required for the 12-4 miles to Surahani, and the constant 
overloading caused chronic unpunctuality and dis- 
organisation. 

In 1924 the management of the railway was transferred 
from the Trans-Caucasian Railway to the city of Baku. 
Electrification was decided upon, and the conversion work 
was pushed ahead immediately by the V.E.D., or State 
Electric Manufacturing Organisation, which is responsible 
for all electric constructional work in the U.S.S.R. At 
the same time the railway was realigned in the suburbs 
of Baku, and a new terminus built in the centre of the 
city. Electric operation was begun on July 6, 1926, but 
further improvements have since been carried out, and 
the line is now being relaid with 90 Ib. rails, and the first 
few miles out of Baku fitted with automatic signalling. 

Up to the end of 1930, a sum of 7,198,000 roubles had 
been expended on the electrification works, including 
1,743,000 roubles for rolling stock. In 1933 an extension 
was opened through the oil fields to Sarbat, and this was 


prolonged to Mashtagi in the first half of the present year 
Electric working will eventually be carried forward to 
Busovni, and also in the other direction from Sarbat to 
Pirshagi. 

Over the Baku-Sabunchi-Surahani sections the passenger 
traffic has increased from 4,000,000 during the last vear 
of steam traction to 13,500,000 in 1929 and 25,000,000 
in 1932. Between Baku and Sabunchi, 67 trains a day 
are run in each direction, the service dividing at the latter 
place, half the trains going to Surahani and half to Sarbat. 
The trains normally run at 30 min. intervals, and every 
15 min. in rush hours; the first train leaves Baku at 


electric trains at 


Vultiple-unit 
Surahani in the Caucasian oil 
fields round Baku. During the 
day the trains run in two-coach 
units comprising one motor-coach 
and one trailer. but in rush hours 
two sets are coupled together, The 
railway is laid to the standard 


Russian gauge of 5 ft. 


4.30 a.m. and the last at 2 a.m. The journey trom Baku 
te Sabunchi now occupies 20 min. inclusive of stops. 

The fiat rates of 20 kopeks for any distance between 
Baku and Sabunchi, and 25 kopeks for any distance 
beyond Sabunchi, which were introduced with the inaugu- 
ration of electric trains, have recently given way to zone 
tickets, which average 2:05 kopeks per mile; the great 
increase in traffic during the last three years is largely due 
to this. In 1931 the revenue was 3,935,900 roubles, of 
which only 265,900 roubles came fiom freight trafic. 
Operating expenditure totalled 1,883,600 roubles, of which 
763,000 roubles were spent in wages, 218,500 roubles for 
current, and 110,300 on maintenance. In this period 
21,379,945 passengers were carried by an average Ol 113 
motor coaches and 12 trailers in ser per day. The 
current consumed amounted to 6,185,230 kWh., oF % 
watt-hr. per ton mile. 

Power is supplied by the 66,000 kW 
of the city of Baku, from which 20,000 \ 
phase current is transmitted to two s 


Beli-Gorod plant 
It 50-cycle three- 
stations, that at 


Kashli having two, and that at A iradshani th 
600 kW. rotary converter sets. A line pressure of 1,2 


nee this line was 


volts direct current was chosen, but 
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electrified the Soviet authorities have standardised a 
tension of 1,500 volts for suburban railways generally, 
and this has been applied to the suburban lines of Moscow 
and Leningrad, as well as to the Mineralvodskaia line 
in the central part of the Caucasus. 

The rolling stock comprises 14 double-bogie motor 
coaches and 12 trailers, built by the Mitischi works at 
Moscow: eight 4-wheeled Russian standard suburban 
coaches; a composite mail and luggage van; and 20 freight 
cars. The motor coaches are 59 ft. long, tare 38-4 tons, 
and have a seating capacity of 82. A driving compart- 
ment is provided at each end, and the vehicle is driven 
by four 95 h.p. nose-suspended motors, the two units on 
each truck being permanently connected in series with 
750 volts across each armature. The control gear is of 
the multiple-unit electro-pneumatic type, supplied by Elin, 
of Vienna. The controller has five series and four parallel 
notches. Compressed air brakes apply blocks on all 
wheels. The trailers scale 27 tons and the 4-wheeled cars 
20 tons. The former vehicles have overall dimensions 
the same as those of the motor coaches, but the 4-wheeled 
trailers are 46 ft. long over couplers and have a wheelbase 
of 26 ft. 3 in. 








NOTES 


Greek Enquiry. The Hellenic Electric Railways 
Company is enquiring for 11 electric coaches for use on 
the Piraeus-Perama line. Tenders are to be presented in 
Greece by. October 17, 

New Italian Stock.—During 1933, the Italian State 
Railways put into service 24 electric locomotives and six 
motor coaches. A further 73 electric locomotives and 
two motor coaches were ordered, and some of these have 
now been delivered. 

Another French Electric Line.—The line from Bor- 
deaux to Point de Grave, on the Midi Railway, has just 
been opened to electric traction on the standard 1,500 volts 
dc. system. There are five 1,500 kW. rotary converter 
substations spread over the 64 miles of this line, which 
serves the new Atlantic port of Verdon at the mouth of the 
Garonne. 


German Mountain Line Conversion.— Electrification 
work on the Zillertal-Krummhugel line on the border of 
Silesia and Czechoslovakia is now proceeding under the 
direction of Reichsbahn officials. Single-phase current at a 
tension of 15,000 volts is to be used, and the supply system 
will be linked up with that of the already electrified Hirsch- 
berg-Landeshut line of the German State Railway. 

Algerian Extension.._A sum of 200 million fr. is 
allotted in the 1934-35 budget of the Algerian State 
Railways towards the electrification of the Duvivier- 
Guelma line, which forms part of the main Morocco- 
Algiers-Tunis main line. The electrified Bone-Oued Khe- 
berit line, which runs inland from the sea, connects with 
the above line at Duvivier. 

_ Swiss Electric Extensions.—Since April last the 
following lines of the Swiss Federal Railways have been 
opened to electric traction: Biel-Sonceboz, 15 km. ; 
Rorschach St. Margrethen, 11 km. ; Sonceboz—La Chaux 
de Fonds, 29 kin. : and Berne Lucerne, 84 km. All these 
lines are operated on the standard single-phase 15 kV. 
system. The electrified lines of the Swiss Federai Railways 
how amount to 2.031 route km., or 1,260 route miles. — 

Danish Order for Britain.—<As a further step in the 
complete electrification of the Copenhagen suburban lines, 


AND 


NEWS 


the Danish State Railways has placed an order with the 
English Electric Co. Ltd. for the electric control equipment 
for 20 motor coaches and 10 trailers. This equipment will 
be of the all-electric camshaft type and similar to that 
supplied in 1932-33 for the first 42 motor coaches and 
21 trailers for the Copenhagen suburban services to 
Hellerap, Klampenborg and Vanlose. 

Russian Electrification Activities.—A sum equiva- 
lent to £1,250,000 has been allotted towards the electrifi- 
cation of the Apatite-Khibin section of the Murmansk 
railway, and the Karaganda-Lake Balkash line in Siberia. 
During 1933, a total of 16 Russian-built electric loco- 
motives were placed in service, and this number has already 
been exceeded during the present year. It is understood 
that over 500 track-miles of railway in the U.S.S.R. are 
now being electrified. 

Pennsylvania Progress.—It is reported that such 
progress has been made in the conversion of the Phila- 
delphia-Washington line of the Pennsylvania Railroad 
that a through electric passenger service between New 
York and Washington will be inaugurated in January, 
1935. The freight traffic will be turned over to electric 
traction later. <A total of 28 electric passenger locomotives 
has recently been ordered by the Pennsylvania for the 
through New York-Washington trains. 

Tyneside Modernisation.—Further details are now 
available of the modernisation of the Tyneside electrified 
lines, to which we referred in the issue of this Supplement 
dated July 27. No fewer than 44 twin motor-trailer units 
and 3 motor vans of modern all-steel type are to be built, 
and, in addition, 35 existing motor coaches and trailers 
and one motor van will be fitted with new electrical and 
brake apparatus, and re-constituted as eight 4-coach 
units with three double-driving vehicles for special purposes. 
The one 6-coach trailer set of compartment stock will be 
modified for electro-pneumatic brake operation. The 
open type of car is to be retained, but a distinct innovation 
for suburban stock will be made by the introduction of 
bucket seats. Interior and exterior decorations will 
resemble the style of the well-known L.N.E.R. tourist 
trains. 
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MODERNISATION 


The first 


European electric 


standard-gauge 
railway 
has been converted from 
three-phase to single-phase 
power supply to harmonise 
with surrounding lines and 


to give increased capacity 


GAZETTE, September 21, 1934 












Electric Railway Traction 


OF EARLY SWISS ELECTRIFIED LINE 








One of the original three-phase locomotives hauling a goods train on the 


Burgdorf-Thun Railway 


QUIPPED in 1899 with low tension three-phase 
power, the Burgdorf-Thun Railway, in the Swiss 
canton of Bern, was the first standard gauge steam- 

worked Continental railway to be changed over to electric 
traction. For 33 years it formed (later in conjunction 
with its associate, the Emmenthal Railway) the only 
three-phase system in Europe outside of Italy, but this 
distinction was lost in 1932, when the supply was con- 
verted to high tension single-phase in order to harmonise 
with the Swiss Federal Railways when extensions over the 
Emmenthal and Solothurn-Munster Railways were contem- 
plated, and to increase the traffic capacity. 

The Burgdorf-Thun Railway is operated in conjunction 
with the Emmenthal and Solothurn-Munster Railways, 
the routes of which are shown on the accompanying map. 
The Emmenthal line runs from Langnau (on the Bern- 
Lucerne section of the Swiss Federal Railways) through 
Burgdorf to Solothurn, and the other two lines between 
the places named in their titles. 


Original Equipment 
The proposals for a line between Burgdorf and Thun 
date from 1870, but the railway was not opened through 
out until the coming of electrification in 1899, which was 
adopted as a result of the first annual report, which stated 





that to give a service of five trains a day in each direction 
would cost 52,000 Sw. fr., whereas for the same expendi- 
ture electric traction would permit the operation of 10 
passenger and two goods trains. The cost of building 
the line amounted to 5,900,000 Sw. fr., of which 935,000 
Sw. fr. were due to the electrical equipment. 

Work was commenced in 1897, and the line opened in 
July, 1899. Brown Boveri was the contractor for the com- 
plete electrical equipment, and this company may therefore 
be regarded as pioneers of three-phase traction. The line 
has numerous curves of 250 m. (820 ft.) radius, and 
grades up to 2°5 per cent. (1 in 40). Only 24 per cent. 
of the route between Burgdorf and Thun is level, and 52 
per cent. is laid to grades of 1-0 per cent. (1 in 100) or 
steeper. Rails with a length of 12 m. (39 ft. 6 in.) anda 
weight of 36 kg. per m. (73 lb. per yd.) were used, and 
approximately 18 km. (11 miles) were laid on metal 
sleepers. 

Three-phase current of 750 volts 40 cycles was chosen 
after extensive studies. This system calls for two over- 
head contact wires, and complicates connections at stations 
and junctions, but at the time the line was constructed 
single-phase traction was hardly equal to the duty re- 
quired, and although direct current had proved its worth 
on the Baltimore & Ohio Railroad since 1895, the con- 


The first type of three phase motor coach 
in Europe. Six these 240 hp. 
vehicles were built in 1899 for the 
Burgdorf-Thun Railway, and ran until 
1932 when they were superseded by the 
single-phase equipmen: described the 
second part of this article 
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Map of Burgdorf-Thun and associated lines 


4 
tracting engineers apparently felt that the automatic re- 
generative features and simple rolling stock equipment 
swayed the balance in favour of three-phase current. 

The chosen frequency of 40:cycles was a common one 
at that period, but the voltage of 750 was considered high. 
However, progress was so rapid that less than four years 
later a voltage of 3,600 was adopted on the Valtellina 
railway, and the low tension of the Burgdorf line proved 
a hindrance as soon as extra traffic was developed, 
although the three-phase principle is considered to have 
been all that could be desired. 

_ Power was generated in a hydro-electric station at 
Kander, near Spiez on the Thuner See. The installation 
comprised six 900 h.p. Escher Wyss water turbines 
directly coupled to Brown Boveri three-phase generators 
producing current at 4,000 volts 40 cycles. The current 
Was stepped up to 16,000 volts for transmission to the 
14 substations, where it was stepped down to 750 volts 
and fed to the contact line. The substations were simply 
outdoor static transformer stations spaced at an average 
distance of 3 km. (1:85 miles), and having a maximum 
‘apacity of 450 kW. The overhead line consisted of two 
copper cables, each with a diameter of 8 mm. (0-315 in.), 
ae Was isolated into 15 independent sections in order to 
tena nd assist in the location of any fault. 
pt eon arranged through the two running rails 

ss-bonded with copper every 96 m. (315 ft.). 

Rolling Stock 
ods traffic was originally dealt with by 
‘tor coaches of 240 h.p. and two four- 
s of 300 h.p. Both types are shown 


_ Passenger an 
SIX double-bogi: 
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in accompanying illustrations. In 1910, and again in 
1918, a larger type of double-bogie locomotive developing 
520 h.p. was delivered, and when, after the war, the elec- 
trification was extended to the upper section of the 
Emmenthal Railway between Hasle and Langnau, two 
further motor coaches were acquired. Brown Boveri was 
responsible for the electrical equipment of the whole stock. 
Seven trailers and three baggage cars were also built for 
the opening of the line, and there was one steam locomo- 
tive for through goods trains. 

The motor coaches hauled two or three small trailers 
and were designed for a single speed of 36 km.p.h. (22-4 
m.p.h.), which they could maintain up the steepest grade 
when hauling a load of 20 tons. The motor coaches had 
a seating capacity of 66, and the trailers a total of 60-70. 
At peak periods two trains could be coupled together, and 
gave a seating capacity of about 280 and a horse-power o1 
480. The four motors were of the nose-suspended type 
and had an hourly rating of 60 h.p. each at 750 volts and 
600 r.p.m. Over buffers the coaches measured 16:3 m. 
(53 ft. 6 in.), and the bogies had a wheelbase of 2°2 m. 
(7 ft. 3 in.) ; the tare weight was 32 tonnes (31-5 tons), 
of which 10 tonnes were accounted for by the electrical 
equipment. Westinghouse brakes applied two blocks on 
each wheel and the moter coaches, as well as the trailers, 
were lighted and heated electrically. 

Two 150 h.p. motors provided the propulsive force in 
the locomotives; they were mounted outside the main 
frames and connected to a jackshaft by two gears, only 
one of which was used at a time. These gears were 
engaged with the shaft through a form of clutch, and gave 
the two speeds, 18 and 36 km.p.h. (11:2 and 22:4 m.p.h.) 
for which the locomotives were designed. From the jack- 
shaft the torque was transmitted to the wheels by rods 
secured to fly-cranks on the jackshaft ends. 

The 1-23 m. (48-5 in.) wheels were spread over a base 
of 3:14 m. (10 ft. 3 in.), and the whole machine tared 
29°6 tonnes. The type of current collector adopted per- 
mitted movement in either direction without changing the 
position of the bows. Each of the four bows collected 
a maximum of 150 amp., and ran for a distance of 
4,000 km. (2,500 miles) before any adjustment to the 
wearing strips was required. 

All the stations, platforms, and goods warehouses on 
the Burgdorf-Thun line were electrically lighted from the 
beginning, transformers at each station changing the 
supply current to 150 volts tension. At Konolfingen a 





One of the 300 h.p. low-voltage three-phase locomotives 


built in 1899 
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repair shop was laid down for effecting repairs to the 
rolling stock. 
Ihe complete cost of electrification over the 40 route 


mi \ Ni 


| 
\\ 








Overhead construction and contact line suspension on curves 


km. (25 miles) and 51 track km. (31-7 miles) was divided 
up as shown below. 


Sw. tr. 
fransmission lines... ot + : . 140,000 
lransformer stations a v .. 160,000 
Contact lines and rail bonding ; . 350,000 
Lighting of stations and works ee eos ; 20,000 
lraction, lighting, and heating equipment of 
rolling stock on a or ; .. 235,000 
Spares .. a. ee ee es 30,000 
Total .. a .. 935,000 


Single-phase Equipment 

The continuously-increasing traffic caused the manage- 
ment many years ago to consider the question of in- 
creasing the capacity. The first suggestion was to double 
the voltage and raise the frequency trom 40 to 50 cycles. 
This would have harmonised with the standardisation 
efforts of the Swiss electrical industry just after the war, 
and would have increased the speed of the trains by 20 per 
cent. Although. such a conversion could have been 
carried out with reasonable economy the results would 
hardly have been satisfactory, as the electrified system 
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would have been limited to the Burgdorf-Thun line anq 
the upper section of the Emmenthal between Hasle and 
Langnau. It would not have been possible to extend the 
three-phase system on to Munster, as the railway st 
at that place and at Solothurn are shared with the Swisc 
Federal Railways. Further difficulties would have been 
occasioned by the linking up with the Swiss Federal Rail- 
ways at Langnau and crossing it at Konolfingen, as at 
the time it was proposed to electrify the Federal Rail- 
ways line from Bern to Lucerne. (This was opened to 
single-phase traction on August 15 last.) 

Thus it came to be recognised that the only practicable 
scheme was to convert the line to the Swiss Federal stan- 
dard of 15 kV. 16§-cycle single-phase, and at the same 
time extend electric working from Burgdorf to Munster. 
With the exception of some overloaded motors which had 
been rewound, and of the section transformers which had 
been replaced by more powerful units having smaller iron 
losses, the original rolling stock and equipment were still 
in use when the conversion was undertaken in 1932. The 
magnitude of the work performed by the three-phase loco- 
motives and motor coaches was only realised when a 
temporary steam service was put on during the trans- 
formation. 

Detailed calculations showed that the working of the 
Burgdorf-Thun, Emmenthal, and Solothurn Munster Rail- 
ways would require 12 motor coaches and 8 locomotives, 
assuming common user as circumstances required. Orders 
were placed in 1931 with Furrer & Frey, of Bern, for the 
overhead lines: with Brown Boveri for the motor coaches: 
and with S.A. des Ateliers de Secheron for the locomotives. 
The sub-contractor for the mechanical portions of the 
locomotives was the Swiss Locomotive Works, and 
Oerlikon built the transformers, choke coils, and certain 
other items of electrical equipment. Tenders showed that 
the total cost of electrification, inclusive of the 20 rolling 
stock units, would be 8,875,000 Sw. fr., divided as follows: 


ations 





— 


Sw. fr. 
Emmenthal Railway ae a ; . 4,425,000 
Burgdort-Thun Railway .. = 7 . 3,000,000 
Solothurn-Munster Railway ee ‘ . 1,450,000 


Power is now supplied by the Muhleberg station of the 
Bernische Kraftwerke through the Swiss Federal Railways 


New single-phase 800 h.p. motor coach 
built in 1932 for the Burgdor{-Thun and 
associated railways 
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transmission system. Current is delivered to a substation 

at Burgdorf, but emergency supply points are located at 

Munster, Solothurn, Langnau, and Konolfingen. 
Overhead Construction 

The overhead. line is of the single catenary type, with 
masts of plain girder section erected in concrete founda- 
tions. The brackets are of Furrer & Frey's patented de- 
sign, and are comprised of two U-shaped channels with- 
out tie rods or supports. A patented clamp with a single 
bok fixing to the suspension wire is incorporated. On 
straight sections of the line, the overhead equipment is of 
the orthodox type, with the catenary above the centre line 
of the track and the contact wire offset alternately to each 
side in order to equalise the wear on the pantograph 
strips. : 

A departure from usual practice has been made on 
curved sections, where the catenary is displaced to tie 
outside of the curve and is attached directly to the masts. 
The suspension wires assume a slanting position influenced 
by gravity and the pull on curves, while the contact wire 
is made to follow the line of the track solely through the 
pull on curves, which determines the contact wire polygon. 
By this system the structures carrying the overhead equip- 
ment can be kept wide apart on curves, their number 
being appreciably reduced. A considerable saving in first 
and maintenance costs can thus be effected without im 
pairing the safety or efficacy. The contact wire is divided 
into sections of 1,200-1,300 m. (3,950-4,260 ft.), with 
half-way anchorage of the contact wire and catenary. 
Automatic tensioning of the contact wire is obtained by 
means of weights suspended over pulleys at the free ends 
of each section: 

The 12 moter coaches are all third class brake com- 
posites with a Seating capacity of 30 and a luggage space 
of 16 sq. m. (172 sq. ft.). The trains are made up with 
trailers as required, and frequently load up to 8-19 
vehicles. Each motor coach is driven by two traction 
motors developing 400 h.p. at, 307 volts, 1,135 amp., 
1,140 r.p.m. on the hourly rating, and having armatures 
running in S.K.F. roller bearings. The continuous load is 
360 h.p. at 295 volts, 1,060 amp., at the same rotational 
speed, which corresponds to a road speed of 50 km.p.h. 
31 m.p.h.). The gear ratio is 4:53 to 1, and the torque 
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is transmitted to the wheels through Secheron quill drive. 
The bogie wheels are 1:06 m. (41-7 in.) diameter, and are 
spread over a base of 2-9 m. (9 ft. 63 in.) in the driving 
bogie and 2:5 m. (8 ft. 3 in.) in the carrying bogie. The 





Individual axle drive of the Secheron type as applied to 


the locomotive illustrated below. This design is suitable for 
use with wheels of small diameter 


driving bogie is equipped with Isothermos axleboxes, and 
the carrying bogie with standard Swiss Federal one-piece 
boxes. 

Swiss Federal Railways standards are also applied to the 
pantographs, oil circuit breakers, and certain other details. 
The main transformer is situated beneath the floor of the 
coach and delivers current to the motors through a battery 
of electro-pneumatic contactors and three choke coils. 
A 90 amp.-hr. Jungner cadmium-nickel battery is 
installed, and is used in conjunction with an auxiliary 
generator for supplying the control lighting, signalling, 
and motor blower circuits. Multiple-unit control with a 
dead-man handle is embodied. Each driving compart- 
ment contains three electric heating units, the luggage 
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compartment two, and the passenger compartment four 
1-4 kw. and four kw. units. 
These motor coaches scale 58 
which 37 tonnes (365 tons) are 
mechanical portion. The weight 


tonnes (57:1 tons), of 
accounted for by the 
available for adhesion 
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burg Railway in 1932. The four 400 b.h.p. motors with 
their Secheron quill drive and wheel assembly are dupli- 
cate with those of the motor coaches. The locomotives 
scale 65 tonnes (63-9 tons), of which 29 tonnes (28:5 tons) 
are due to the electrical equipment. The maximum trac- 


Left: General view of electrical equipment as mounted in single-phase locomotive, Burgdorf-Thun Railway 
Right: Single-phase traction motor as used in the Burgdorf-Thun Railway locomotives and motor coaches 


totals 34 tonnes (33-5 tons), and with a maximum tractive 
effort of 6,000 kg. (13,200 Ib.) the adhesion factor is 5-7. 
The maximum speed is 75 km.p.h. (46-6 m.p.h.), and this 
also applies to the motor-coaches. 

The locomotives are of the Bo-Bo type, and are similar 
to the units built by Secheron for the Bodensee-Toggen- 


tive effort of 12,000 kg. (26,400 lb.) gives a factor adhesion 
of 5-4. The wheels are spread over a bogie wheelbase of 
29 m. (9 ft. 6} in.), and the bogies are pitched at 60 m. 
(19 ft. 8 in.) centres. The length over buffers is 12:4 m. 
(40 ft. 7 in.). The transformer is of the oil-cooled type 
with a continuous capacity of 1,035 kVA. 








Publications Received 


Neue Elektrische Bremsverfahren fiir Strassen und 
Schnellbahnen (Recent Methods of Electric Braking 
for Tramways and Rapid Transit Lines). By Dr. Ing. 
kK. T6éfflinger, Chief Engineer in Siemens-Schuckert Werke, 
A.G. 1934. Berlin: Julius Springer. 83 in. x 5? in. 
81 pp. 54 figures in the text. Price not stated.—This is a 
short but complete account of the leading features of 
modern electric braking methods for tramways and rail- 
ways, most of it being devoted to different systems of 
regenerative braking, a subject which has received increas- 
ing attention in recent years and was again discussed by 
the International Tramway, Light Railway and Motor 
Transport Association at its Berlin meeting this year. 
Dr. T6fflinger treats the question from a general theoretical 
point of view, with the aid of simple diagrams and a mini- 
mum of mathematics. The characteristics of the various 
regenerative braking schemes that have been suggested or 
used are concisely set forth, and the advantages and dis- 
advantages of each lucidly compared. Useful references 
are given to the leading works or papers which have been 
published on the subject. Many tramway undertakings on 
the Continent are using regenerative equipment and some 
of them propose to extend its application. A few British 
concerris also have such apparatus in service. The results 
so far have been encouraging, and both from a theoretical 
and practical standpoint it seems wrong to go on wasting 
energy in purely frictional methods of braking when 
technical knowledge enables us to recover some of the 


force stored in vehicles in motion, providing that the 
apparatus to permit of our doing so can be installed and 
maintained at figures which will make its adoption pay. 
Dr. Téfflinger’s book is a useful guide to the understanding 
of the present position of this important question. 


A.C. and D.C. Equipment.— The automatic protection 
of electrical circuits by means of fuses is perhaps the 
most widely-applied form of protection on low-tension 
systems, and the various types of fuses for a.c. and d.c. 
circuits are described and illustrated in a 20)-page brochure 
published by A. Reyrolle & Co. Ltd., Hebburn-on-Tyne. 
A feature which has been given attention by this company 
in designing fuses is the interchangeability of the bases, 
which is of particular value when an increase 1n plant 
capacity necessitates a change over from existing semi- 
Notes on the selection 

with tables and 
it tests, and there 
» times of Reyrolle 
inv we have also 
Jy with Forscale, 
voltmeters. 


ited, 5, Chancery 
Century motors, 
lyphase types ™ 
n this list 1s am 
nt values over @ 
full load on to @ 


enclosed fuses to cartridge fuses. 
of the fuse-rating are included, togethic1 
oscillographs of the results of short-circu 
is also reproduced a graph of the operatil 
cartridge fuses. From the same comp 
received three leaflets dealing respecti: 
industrial, and flameproof ammeters anc 


Electric Motors.—<Asea Electric Li 
Lane, London, W.C.2, sends a list of 
comprising d.c., single-phase, and | 
sizes from + to 40 h.p. Reproduce: 
oscillogram showing the relative cur 
period of three seconds after switchi 
10 h.p. three-phase motor. 





action 


TS with 
> dupli- 


motives 


hesion 
ase of 
0 m. 
“4 m. 
1 type 


t the 
1 and 

pay. 
nding 


ction 
the 
nsion 


shure 
[ yne. 
pany 
ases, 
lant 
emi- 
“tit yn 
and 
here 
rolle 
also 
sale, 


ery 





